The startle response evoked by repeated presentation of a loud acoustic stimulus is regulated by the independent processes of sensitization and habituation. While schizophrenia is associated with information processing impairments, there is conflicting evidence regarding the existence of habituation deficits in schizophrenic patients. Recent clinical evidence, however, indicates that patients with schizophrenia display exaggerated startle sensitization and diminished habituation. Given the linkage between dopaminergic abnormalities and schizophrenia, the goal of the present investigation was to examine the effect of deleting D 1 and D 2 -like dopamine receptors on sensitization and habituation of the acoustic startle reflex in mice. For these experiments, the acoustic startle reflex was assessed in dopamine D 1 , D 2 , and D 3 receptor wild-type (WT) and knockout (KO) mice on a C57BL/6J background, using a methodology that can measure both sensitization and habituation. Mice lacking the D 1 receptor gene displayed enhanced sensitization, along with a decrease in the amount of habituation that occurs in response to repetitive presentations of a startling stimulus. Conversely, the loss of the dopamine D 2 or D 3 receptor gene produced a sensitization deficit and a significant increase in habituation. The behavioral phenotype exhibited by D 1 receptor KO mice is clearly distinct from that of the D 2 and D 3 receptor KO mice. The findings in D 1 receptor KO mice are reminiscent of the abnormalities observed in schizophrenic patients tested in comparable startle paradigms, and indicate that D 1 agonists may possess therapeutic efficacy against the information processing deficits associated with schizophrenia.
Introduction
A variety of species of animals exhibit a transient motor response to loud and unexpected acoustic stimuli (Dodge & Louttit, 1926; Fleshler, 1965) . This motor reaction is known as the acoustic startle response, and is mediated by a short-latency four synapse circuit linking primary auditory afferents with spinal motor neurons (Davis, Gendelman, Tischler, & Gendelman, 1982) . In rats, there is an initial transitory increase in the amplitude of the startle response to repetitive bursts of white noise, followed by a marked decrement of the response (Groves & Thompson, 1970; Szabo & Kolta, 1967) . Similar findings have also been reported for humans (Davis & Heninger, 1972) . To explain this phenomenon, Groves and Thompson (1970) proposed that two distinct and independent processes govern the behavioral response to repetitive sensory stimulation: (1) an incremental process called sensitization, and (2) a decremental process called habituation. According to this dualprocess theory of response habituation, sensitization occurs at the beginning of the test session and is responsible for the transitory increase in response amplitude, whereas habituation occurs throughout the test session and is responsible for the delayed response decrement. In this theoretical framework, the process of sensitization involves stimulus-induced changes in the level of arousal and is dependent on the aversiveness of the stimulus. However, sensitization gradually wanes because the salience of the stimulus decreases with repeated presentation, leaving the habituation process unopposed.
There is considerable evidence that attentional and information-processing deficits are central features of schizophrenia (Braff, 1985; Braff & Geyer, 1990) . Schizophrenic patients display a pronounced inability to filter out irrelevant stimuli (McGhie & Chapman, 1961) , resulting in increased distractibility, sensory flooding, and cognitive impairment. It has been reported that schizophrenia is associated with startle reflex habituation deficits that may contribute to the sensory overload observed in these patients (Geyer & Braff, 1987) . Geyer and Braff (1982) measured the eyeblink reflex component of the human acoustic startle response and found that schizophrenic patients exhibited marked habituation deficits in comparison with normal volunteers or psychiatric control patients. Likewise, Bolino et al. (1992 Bolino et al. ( , 1994 reported that habituation of startle evoked by electrocutaneous stimulation is impaired in schizophrenics relative to healthy controls. Other workers subsequently reported similar findings with
